There has been a proliferation and divergence of imaging-based tumor-specific response criteria over the past 3 decades whose purpose is to achieve objective assessment of treatment response in oncologic clinical trials. The World Health Organization (WHO) criteria, published in 1981, were the first response criteria and made use of bidimensional measurements of tumors. The Response Evaluation Criteria in Solid Tumors (RECIST) were created in 2000 and revised in 2009. The RECIST criteria made use of unidimensional measurements and addressed several pitfalls and limitations of the original WHO criteria. Both the WHO and RECIST criteria were developed during the era of cytotoxic chemotherapeutic agents and are still widely used. However, treatment strategies changed over the past decade, and the limitations of using tumor size alone in patients undergoing targeted therapy (including arbitrarily determined cutoff values to categorize tumor response and progression, lack of information about changes in tumor attenuation, inability to help distinguish viable tumor from nonviable components, and inconsistency of size measurements) necessitated revision of these criteria. More recent criteria that are used for targeted therapies include the Choi response criteria for gastrointestinal stromal tumor, modified RECIST criteria for hepatocellular carcinoma, and Immune-related Response Criteria for melanoma. The Cheson criteria and Positron Emission Tomography Response Criteria in Solid Tumors make use of positron emission tomography to provide functional information and thereby help determine tumor viability. As newer therapeutic agents and approaches become available, it may be necessary to further modify existing anatomy-based response-assessment methodologies, verify promising functional imaging methods in large prospective trials, and investigate new quantitative imaging technologies. 
Introduction
Monitoring tumor response to treatment is an integral and increasingly important function of oncologic imaging. With oncology patients now receiving more complex therapies, there is a growing need to develop imaging methods to act as surrogate end points to replace the more traditional end points of morbidity or mortality. Distinguishing as early as possible between patients who are responding to a particular treatment and those who are not can maximize the effectiveness of patient care. Currently, imaging assessment of treatment response is more germane to the drug development process through clinical trials than to routine clinical use. The ability to marry imaging findings with new clinical end points has become important in cancer therapy trials conducted to assess a new generation of targeted molecules for cancer treatment. This paves the way for much more rapid drug evaluation and, potentially, clinical decision making.
The first criteria to be proposed for the standardization of methodologies for assessing treatment response were the World Health Organization (WHO) criteria and Response Evaluation Criteria in Solid Tumors (RECIST). Both sets of criteria were developed to assess response to cytotoxic chemotherapeutic agents and to monitor only changes in tumor size during the course of treatment. The use of tumor size alone has certain pitfalls and limitations that have been observed in various clinical trials, especially those in which targeted therapies are used for specific tumors (eg, gastrointestinal stromal tumor [GIST] or hepatocellular carcinoma [HCC] ). Over the years, the WHO and RE-CIST criteria have been modified by combining changes in size and the morphologic and metabolic features of specific tumors to overcome the limitations of the traditional criteria.
In this article, we discuss the use of a variety of traditional and new criteria for the evaluation of tumor response at oncologic imaging.
WHO Criteria
In 1981, the WHO published the first tumor response criteria as a standard for assessing treatment response (1) . The WHO criteria introduced the concept of assessing tumor burden on the basis of the sum of the products of diameters (SPD) (ie, longest overall tumor diameter and longest diameter perpendicular to the longest overall diameter) and determining response to therapy by evaluating the changes from baseline during treatment. These changes were categorized into four groups: (a) complete response (tumor not detected for at least 4 weeks); (b) partial response (≥50% reduction in the SPD from baseline [confirmed at 4 weeks]); (c) progressive disease (≥25% increase in tumor size in one or more lesions); and (d) stable disease (neither partial response, complete response, nor progressive disease) ( Table  1) (2) . A common criticism of the WHO criteria is that, because the SPD is used, tumors could easily be taken to represent progressive disease on the basis of minor changes in tumor size or even measurement error. For example, an increase of only 12% in each dimension would result in a 25% increase in tumor size. In addition, the original WHO criteria were not explicit as to how many lesions should be measured, how small a lesion could be measured, or how progression should be defined. During the decades that followed the introduction of the original Follow-up CT image shows an increase of a few millimeters in the size of the lymph nodes. SPD increased to 569 (25% change), RECIST 1.0 SLD increased to 39 mm (11% change), and RECIST 1.1 SLD increased to 33 mm (18% change).
On the basis of these measurements, treatment response would be categorized as progressive disease by the WHO criteria and as stable disease by both RECIST 1.0 and 1.1. Because the size of the lymph nodes increased in short diameter more than in long diameter, there is a 7% difference in SLD between RECIST 1.0 and 1.1. As seen in this example, the treatment response category can vary depending on which criteria are used. Because the WHO criteria make use of the product of the diameters, they have been criticized as yielding results that are overly sensitive to small changes in tumor size or possible measurement errors. RECIST 1.1 added the requirement that target lymph nodes be at least 15 mm in short-axis diameter.
WHO criteria, cooperative groups and pharmaceutical companies often modified these criteria to accommodate new treatments or to address areas that were unclear in the original document.
RECIST Criteria
In 2000, the WHO, the National Cancer Institute, and the European Organization for Research and Treatment of Cancer proposed the new RECIST criteria (3). The original RECIST criteria (RECIST version 1.0) were largely based on a retrospective statistical evaluation of measurements obtained in eight pharmaceutical-sponsored clinical trials involving 569 patients (4). The RE-CIST criteria have been adopted by academic institutions, regulatory authorities, and the pharmaceutical industry, in which the primary end points are objective response or progression. Key features of the original RECIST criteria include definitions of minimum size of measurable lesions, use of a measurement in only one dimension (ie, longest diameter), and details on how to use the new imaging technologies such as spiral CT. Progressive disease was defined as the appearance of new lesions or a greater than 20% increase in the smallest SLD (versus an increase of 25% or more according to the WHO criteria) (Fig 1) . In addition, suspicious findings must be unequivocal for a diagnosis of progressive disease.
RECIST Version 1.1
A number of questions and issues have arisen since the introduction of the original RECIST criteria, including the assessment of lymph nodes and the use of newer imaging technologies such as multidetector CT and magnetic resonance (MR) imaging. The RECIST Working Group revised the original criteria in 2009 to address these issues (5) . RECIST version 1.1 was established based on the analysis of a significantly larger database of over 6500 patients (6) .
Methods of Measurement
Some of the modifications and additions that accompanied the new criteria are listed in Table  2 . All target lesions must be measured in their longest dimension, except for the lymph nodes, whose shortest diameter is used to define pathologic enlargement. To be considered measurable, target lesions must be at least 10 mm in longest diameter and lymph nodes must be at least 15 mm in the short axis (Fig 2a) . Lesions less than 10 mm in longest diameter and lymph nodes less than 15 mm in the short axis were not considered to be target lesions. Most measurements are made in the axial plane, but some tumors (eg, paraspinal lesions) may be measured in the coronal or sagittal plane if the CT reconstructions in these planes are isotropic or the images are MR images (Fig 2b) . CT or MR imaging was recommended for assessment of the lytic or mixed lytic-blastic skeletal lesions to measure the soft-tissue component, as long as this component meets the criteria described earlier. Blastic bone lesions were considered "nonmeasurable." Solid lesions rather than 
Assessment of Disease Progression
At baseline, a maximum of five lesions (up to two lesions in any one organ) are identified as target lesions. If the largest lesion does not lend itself to reproducible measurement, the next largest lesion that can be measured reproducibly should be selected (Fig 2c, 2d) . The SLD is calculated (long axis for nonnodal lesions, short axis for nodal lesions) for all target lesions and reported as the baseline SLD. This baseline value is used as a reference for assessing objective tumor response at future time points. All other lesions (or sites of disease), including pathologic lymph nodes, are identified as nontarget lesions, and their presence should also be recorded at baseline.
Evaluation of Target and Nontarget Lesions
Target lesions, including lymph nodes that become "too small to measure," should still be measured and their presence recorded at each subsequent evaluation. To qualify for characterization as complete response, each lymph node must be less than 10 mm in the short axis. If the nonnodal lesions "fragment," the longest diameters of the fragmented portions should be added together to calculate the longest diameter of the target lesion. Similarly, as lesions coalesce, a plane may be maintained between them to aid in determining the longest diameter of each lesion (Fig 2e) . If two lesions have completely coalesced such that they are no longer separable, the vector of the longest diameter should be the maximum longest diameter. Axial contrast material-enhanced image in a 57-year-old woman with a history of metastatic melanoma shows three metastatic lesions in the spleen, as well as three metastatic lymph nodes adjacent to the portal vein and posterior to the splenic artery. According to RECIST 1.1, up to two of the largest, most well-defined lesions per organ are measured in the longest dimension (long lines in the spleen). The two largest nodes in the porta hepatis qualify as measurable lesions because their shortest axes (short lines) exceed 15 mm. The third lymph node, located posterior to the pancreas (arrow), measures 9 mm in the short axis and therefore cannot be used as a target lesion according to RECIST 1.1. (b) Measurement plane. Sagittal T2-weighted MR image in a 56-year-old woman shows an intramedullary mass of the cervical cord extending from C2 to C6. The longest diameter of the mass (line) was measured in the sagittal rather than axial plane. RECIST 1.1 allows sagittal or coronal MR images to be used for target lesion measurements. It is also acceptable to measure these lesions in the coronal or sagittal plane at CT if reconstructed images are created using an isotropic image matrix. (c) Nonmeasurable versus measurable lesions. Coronal contrast-enhanced image in a 66-year-old patient with metastatic sigmoid adenocarcinoma shows evidence of peritoneal carcinomatosis (arrows) and lymph nodes (lines) in the gastrohepatic ligament. Peritoneal disease has indistinct borders and can often be obscured by a significant amount of ascites (A). It would be difficult to measure lesion size accurately on follow-up images; therefore, the lesions should be considered nonmeasurable. The lymph nodes in the gastrohepatic ligament may be used as the target lesions as long as they meet the appropriate selection criteria. (d) Axial CT image in a 67-yearold patient with infiltrative adenocarcinoma of the cecum shows a mass circumferentially involving the bowel wall (arrows). This primary tumor should not be used as a target lesion, since it arises from a hollow organ and its longest dimension cannot be defined on axial images, making it nonmeasurable. (e) Coalescing lesions. Axial contrast-enhanced image in a 43-year-old woman with a history of ovarian carcinoma shows four low-attenuation metastatic liver lesions. The two largest lesions were selected as target lesions in a prior study; however, they have progressed and currently abut one another. According to RECIST 1.1 guidelines, these two lesions should still be measured separately and in the longest dimension (lines), as long as there is a clear plane of separation (arrow) between them. This separation allows measurement of the lesions in their longest axes. If two lesions have completely coalesced such that they are no longer separable, the longest diameter of the merged lesion should be measured.
The appearance of new lesions denotes disease progression; therefore, it is important to comment on these lesions. However, the finding of a new lesion should be unequivocal-that is, not attributable to differences in scanning technique, change in imaging modality, or findings thought to represent something other than tumor. Equivocal new lesions (eg, lesions that are too small to measure) should be reassessed at follow-up examinations to determine whether they truly represent new disease. It is sometimes reasonable to incorporate FDG PET to assess possible new disease.
If the nontarget lesions demonstrate a change at follow-up, characterization as unequivocal progression requires that there be substantial worsening so that even in the presence of stable disease or partial response, the treating physician would think it necessary to change therapy.
Imaging Considerations RECIST 1.1 recommended maintaining standard image acquisition parameters to allow optimal comparison between studies. CT should be performed with a section thickness of 5 mm or less. CT of the chest, abdomen, and pelvis should be performed contiguously throughout the entire anatomic region of interest. For detection of possible new lesions, follow-up studies should cover all areas in which metastatic spread of the primary tumor in question is known to occur. Specific attention should be given to a consistent dose and rate of administration of intravenous contrast material. Most solid tumors may be scanned with a singlephase sequence after contrast material administration. Multiphasic CT scans are necessary to improve lesion conspicuity for some hypervascular tumors (eg, HCC or neuroendocrine tumors).
MR imaging offers superior soft-tissue contrast and spatial and temporal resolution compared with CT, but it is also more costly and less readily available. There are many image acquisition variables involved in MR imaging, which may impact lesion conspicuity and measurement. Therefore, the same image acquisition protocol should be used on similar MR imaging hardware for baseline and follow-up examinations.
Ultrasonography (US) should not be used in clinical trials to measure tumor regression or progression because US evaluation is subjective and operator dependent.
Chest radiographic measurement of lesions surrounded by pulmonary parenchyma is acceptable but not preferred, since it represents a summation of densities. Chest CT would be the preferred method secondary to decreased sensitivity of lesion detection at chest radiography.
Time Point Response
The revised RECIST guidelines are useful for the assessment of stable disease, tumor progression, or time to progression in clinical trials. It is assumed that a new response assessment based on new imaging findings should be conducted at each follow-up examination (Table 3) . New overall response status is assigned according to the status of the target, nontarget, and new lesions. For example, a patient may be accorded partial response status at the first follow-up examination and stable disease status at the second follow- up examination during the course of treatment. However, if a new lesion appears at a subsequent study, the status would change to progressive disease. Best overall response is defined as the best response across all time points.
Limitations of RECIST Criteria
Although the RECIST criteria have been used extensively since their introduction, concerns about using change in tumor size as the only criterion have not been fully addressed, even in RE-CIST 1.1. Studies of the reliability of measurements have found that tumor size measurements made at CT are often inconsistent (7, 8) . In one study, the difference between measurements made by two readers was significant enough to result in misclassification rates of 29.75% for progressive disease and 13.75% for partial response (7) . Even repeated measurements made by the same observer were associated with significant variability, with potential misclassification rates of 9.5% for progressive disease and 3% for partial response. Evaluation of tumor response on the basis of RECIST criteria may also be limited by problems in defining the margins of ill-defined or irregular lesions (eg, bone marrow disease).
Tumor Response Criteria in Targeted Cancer Therapies
Targeted cancer therapies make use of drugs that block the growth and spread of cancer by interfering with specific molecules involved in tumor growth and progression. These agents have significantly changed the treatment of cancer over the past 10 years. The U.S. Food and Drug Administration has approved many targeted cancer therapies for the treatment of specific types of cancer. The mechanisms of action of targeted therapies differ from those of traditional cytotoxic chemotherapy (Fig 3) . Some agents can induce apoptosis; however, some agents stop progression. Because of differences in the mechanism of action, tumors treated with targeted therapies do not necessarily demonstrate the same radiographic findings as tumors treated with standard cytotoxic therapies (Fig 4) (9) . Therefore, traditional anatomic size-based criteria can lead to the miscategorization of treatment response for tumors like GIST, HCC, or melanoma when treated with targeted therapies.
Choi Response Criteria
The therapeutic options for advanced GISTs were limited until the introduction of imatinib, a competitive inhibitor of tyrosine kinase receptor that has demonstrated remarkable efficacy. During the course of treatment with imatinib, tumor size usually decreases; however, changes in tumor dimension do not necessarily reflect tumor response (Fig 5) (10,11) . In some cases, size can actually increase secondary to internal hemorrhage, necrosis, or myxoid degeneration (10) . Decrease in tumor size is usually minimal during the early stages of posttreatment, whereas dramatic changes in internal characteristics (eg, tumor attenuation, nodularity, and number of vessels) will occur. The Choi response criteria for GIST proposed that tumor attenuation could provide an additional measure of response to imatinib therapy. The response can be seen very early during treatment (10) .
PET has been found to be highly sensitive in detecting early response and to be useful in predicting long-term response to imatinib in patients with metastatic GIST (12) . There is good correlation between the responses based on overall tumor burden, CT attenuation, and maximum SUV (SUV max ) at FDG PET (10). However, the availability of PET is still limited, and, in up to 21% of patients, pretreatment glucose uptake is not sufficient to be detected with FDG PET (10) . In an attempt to achieve better response evaluation with CT, partial response status was redefined as a decrease in SUV at FDG PET (<70% from baseline or SUV max <2.5) (12). Among patients in whom treatment response was seen at FDG PET, 97% had a decrease in tumor size of at least 10% or a decrease in tumor attenuation of at least 15% at CT after 8 weeks of imatinib treatment (11) . On the basis of these results, the new criteria used a combination of tumor attenuation (≥15% decrease) and modified tumor size (≥10% decrease) to assess partial response. Another important difference from the RECIST Figure 5 . Limitations of size criteria in assessing the activity of newer cancer therapies that stabilize disease. (a) On an axial contrast-enhanced baseline CT image in a 60-year-old woman with a history of metastatic GIST, the largest metastasis is in the right hepatic lobe and demonstrates nodular internal enhancement. It was selected as the target lesion and measured in the longest axis (line). (b) On an axial contrast-enhanced CT image after targeted therapy, the longest axis of the tumor (line) is 38% shorter than on the baseline image. According to both the RECIST and Choi criteria, this change represents a partial response to therapy. In addition, the average attenuation of the tumor decreased 61%. (c) Follow-up CT image shows a further decrease in the size of the tumor (49% smaller than on the baseline image). However, there is a new enhancing nodule in the tumor (arrow), which should be considered to represent recurrent disease. On the basis of RECIST, this would still be categorized as partial response, since these criteria do not take changes in intratumoral morphology into account. On the other hand, with the Choi criteria, tumor attenuation as well as tumor size are measured, and a new increase in tumor attenuation (secondary to the enhancing nodule) would be correctly categorized as progressive disease. criteria was that progressive disease was defined as an increase of at least 10% in SLD, if it does not meet the partial response criteria by virtue of tumor attenuation (Table 1) . These modified CT criteria have proved to be very useful in separating responders from nonresponders and provide an excellent prognostic indicator in terms of progression-free survival (13) . Before the introduction of the Choi criteria, recurrence or progression was diagnosed on the basis of an increase in tumor size and identification of new lesions at either local or distant sites. In GISTs, an increase in tumor size is still important; however, recurrence may occur within the treated hypoattenuating tumor without a change in tumor size (Fig 6) (14) . Attempts have been made to use the Choi response criteria in the assessment of other solid tumors. A recent study found that the Choi criteria may be helpful in assessing early metastatic renal cell carcinoma treated with sunitinib, but the use of these criteria did not change patient management (15) . A pilot study showed that the Choi criteria were superior to the RECIST criteria in assessing the response of soft-tissue sarcoma to chemotherapy and radiation therapy (16) . Nevertheless, more studies are needed for further evaluation.
Modified RECIST
Assessments based solely on changes in tumor size can also be misleading when applied to HCC being treated with targeted therapies (eg, with sorafenib) or interventional therapies (17) (18) (19) . In 2000, a panel of experts on HCC convened by the European Association for the Study of the Liver proposed that estimation of viable tumor with contrast-enhanced imaging should be the optimal method for assessing treatment response (20) . The new criteria, referred to as mRECIST, were subsequently endorsed by the American Association for the Study of Liver Diseases (21) . Viable tumor was defined as uptake of contrast agent during arterial phase dynamic CT or MR imaging (Table 1) . On the basis of this assumption, the disappearance of arterial phase enhancement in all target lesions was considered to represent a complete response (Fig 7) .
The new guidelines emphasized the optimization of image acquisition protocols and consistency in the use of the same protocol throughout follow-up (18). Patients can be followed up with either contrast-enhanced spiral CT or contrastenhanced MR imaging. The liver must be imaged using a dual-phase protocol with either modality. Delayed equilibrium phase imaging may be useful, but it is not mandatory and should be performed only if it is part of clinical practice. The viable tumor should be measured during the arterial phase. To be selected as a target lesion, the lesion should be classified as a measurable lesion according to RECIST criteria, suitable for repeat measurement and showing enhancement during the arterial phase. Infiltrative-type HCC should be considered a nontarget lesion if the mass is not well defined and does not appear to be amenable to accurate measurement. Because of variability in internal necrosis, the longest diameter of the viable tumor can be located in a plane different from that in which the baseline diameter was measured. Malignant portal vein thrombosis should be considered a nonmeasurable lesion, since the tumor may be obscured by the presence of a bland thrombus during the course of treatment. The presence of a new lesion is considered to represent disease progression. A new lesion must have a maximum diameter of over 1 cm and show the typical vascular pattern of HCC at dynamic imaging (ie, hypervascularity in the arterial phase with washout in the portal venous or late venous phase). Otherwise, new lesions should be considered equivocal and monitored for interval growth at subsequent scans.
PERCIST Criteria
Although a range of factors have been associated with FDG uptake, there appears to be a rather strong relationship between FDG uptake and number of cancer cells in a substantial number of studies (22, 23) . Because many newer cancer therapies may be more cytostatic than cytocidal, good tumor response may be associated predominantly with a decrease in metabolism, without a major reduction in tumor size (Fig 8) . Therefore, metabolic response as a leading indicator of tumor response may be even more predictive of outcome than morphologic criteria. It is in this context that the PERCIST criteria were proposed in 2009 (24) to refine and validate quantitative approaches to monitoring PET tumor response.
There are two basic approaches for assessing metabolic changes brought about by treatment: On contrast-enhanced CT (left) and PET/CT (right) images 2 months after treatment, the tumor has decreased to 4.3 cm (line on CT image) and shows no increased metabolic activity. According to PERCIST, the disappearance of all metabolically active tumors is considered to represent complete metabolic response. RECIST does not take tumor metabolic activity into account, resulting in categorization of this change as partial response on the basis of size change alone, leading to underestimation of treatment response. The tumor did not recur for 2 years after treatment and continued to decrease in size.
qualitative and quantitative. The quantitative method was preferred by PERCIST secondary to insufficient data on the reproducibility of the reporting of qualitative treatment response among readers. Standardized quantitative assessment of metabolic tumor response with PET necessitates a consistent and reliable measurement of tumor activity. This requires identical patient preparation and adequate scan quality that is similar between the baseline and followup studies, which should be performed on the same scanner with comparable injected doses of FDG and uptake times. PERCIST recommended using SUL (lean body mass-normalized SUV [SUV lbm ]) owing to its reduced dependence on patient weight compared with standard body weight-normalized SUV (SUV bw ). SUL peak, which should be measured using a 1-cm 3 (or 1.2-cm-diameter) fixed-dimension region of interest centered over the area of highest uptake in the tumor, was the preferred method mainly because of its widespread use. By strictly defining the dimensions and position of the volume of interest, measurement variation can be eliminated, and averaging of multiple voxels reduces susceptibility to noise (Fig 9) . PERCIST also recommends comparing the variability in SUL between studies performed in the same patient by using liver activity as the standard of reference. In addition, by stipulating that variation in SUL should be less than 20% (0.3 SUL mean units), the influence of nonpathologic variability in PET quantification across multiple time points can be reduced. An interval of at least 10 days between the last chemotherapy session and the next FDG PET study is advised. Longer and more variable time intervals after external-beam radiation therapy (8-12 weeks) have been recommended.
In PERCIST, response to therapy is evaluated as a continuous variable and expressed as a percentage change in SUL peak for the most active lesion at each time point between the preand posttreatment PET/CT studies (Table 1) . A complete metabolic response is defined as visual disappearance of all metabolically active tumors. A partial metabolic response is defined as a 0.8-unit (>30%) decline in SUL peak between the most intense lesion before treatment and the most intense lesion after treatment, which may not be the same lesion. A 0.8-unit (>30%) increase in SUL peak or the appearance of a new lesion is classified as progressive metabolic disease. There is no definitive recommendation regarding how many lesions should be measured. Although PERCIST has specific criteria for response based on a single target lesion, the collection of additional data on five lesions was recommended so as to develop a database suitable for future studies.
It is crucial to adhere to a standardized PET/ CT scanning protocol that is characterized by consistency in injected dose, postinjection delay, reconstruction parameters, and SUV normalization technique, among other variables.
There are difficulties with imaging standardization across PET centers and tumor types. Combined with uncertainty concerning the timing of assessment relative to treatment, the use of quantitative measurements of FDG uptake for evaluating response remains difficult. However, there is a growing body of evidence suggesting that FDG PET is becoming established as a clinical technique for assessing tumor response, especially in FDG-avid lymphoma subtypes.
Cheson Response Criteria for Malignant Lymphomas
Lymphoma is another disease in which there has been development of specific tumor assessment criteria. Again, this is due to disease-specific complexity, wherein the basic assessment of interval change in size alone may not accurately reflect disease status (25) . Masses often do not regress completely after curative treatment because of residual fibrosis and necrotic debris, and this stability in size does not necessarily represent viable tumor. (Table 4) .
For uniformity in tumor measurements, the use of the SPD obtained in up to six dominant nodes or masses is recommended. These target lesions need to show a decrease in activity of at least 50% to attain partial response status. A size of 1.5 cm is used as a cutoff point for the inclusion of new target lesions (in lymph nodes, 1 cm in the short axis) to grant relapsed disease or progressive disease status. The presence of a posttreatment residual mass that has not disappeared or shown an interval decrease in size is considered to represent complete response, as long as the mass has become PET negative.
Immune-related Response Criteria
For cytotoxic agents, WHO and RECIST guidelines assumed that an early increase in tumor size or the appearance of new lesions signaled progressive disease, resulting in discontinuation of treatment. However, in studies with immunotherapeutic agents (eg, ipilimumab), clinical experience showed that complete response, partial response, or stable disease status could still be achieved after an increase in overall tumor burden. Therefore, conventional response criteria may not allow adequate assessment of the activity of immunotherapeutic agents. Patients whose performance status is stable and whose laboratory values have not significantly deteriorated should be considered for repeat confirmation imaging before true progressive disease status is declared and the immunotherapeutic agent is withdrawn (27) .
In 2004 and 2005, a series of international workshops hosted by the Cancer Vaccine Consortium in collaboration with the International Society of Biologic Therapy of Cancer proposed additions to the WHO criteria that would allow the evaluation of unique response patterns of immunotherapeutic agents (28) . Subsequently, the Immune-related Response Criteria (IrRC) were developed during clinical trials in patients with advanced melanoma who were receiving ipilimumab, a human monoclonal antibody that blocks cytotoxic T lymphocyte antigen-4 (CTLA-4) (27) . The core novelty of the IrRC is the incorporation of measurable new lesions into a new concept of "total tumor burden" and comparison of this variable with baseline measurements. With the IrRC criteria, both the index and measurable new lesions are taken into account (in contrast to conventional WHO criteria, which do not require the measurement of new lesions and do not include new lesion measurements in the characterization of evolving tumor burden). At baseline tumor assessment, the SPD of all index lesions (up to five lesions in a single organ; maximum, 10 visceral and five cutaneous index lesions) is calculated. At each subsequent time point, the SPD of the index lesions and any possible new measurable lesions are added together to calculate the total tumor burden. With this new concept, the tumor response categories have been modified from those of the WHO criteria ( Table 5 ). The main difference between the WHO criteria and the IrRC criteria is that the former always classify new measurable lesions as progressive disease. According to the IrRC criteria, these lesions are not always viewed as progressive disease and can result in discontinuation of treatment. Although potentially representing another improvement over conventional criteria for immunotherapeutic agents, the IrRC criteria have their own challenges; therefore, further prospective evaluation is warranted, particularly regarding the association with overall survival (27) .
Future Trends
Radiology will continue to adapt the new tumor response concepts observed with the current and future targeted therapy agents. With the advent of molecular medicine in the era of individualized medicine, the ultimate goal of research in oncology is to tailor treatments to both the specific type of cancer and the patient. Tumor response criteria should be chosen based on treatment and type of tumor. Validation of functional biomarkers, including but not limited to FDG PET, is essential to ensure that imaging continues to keep up with the new treatment concepts in oncology.
Time will tell whether these tumor response criteria are incorporated into daily radiology practice; however, as the number of criteria increases, the resultant growing complexity makes such incorporation less likely. Many multimodality tumor-tracking software packages are commercially available, but at present they are not integrated with current clinical image-viewing workstations and are sold as separate third-party software solutions. If radiologists are to use these criteria in daily practice apart from the sponsored clinical trials, simplified and integrated software and hardware solutions will be required. 
